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The effects of several storage atmospheres on the longevity of crimson clover (Trifolium incarnatum L.) and sorghum (Sorghum vulgate Pers.) seeds of 3 moisture levels stored for 1 and 2 years at 5 temperatures in sealed metal cans are herein reported.
LITERATURE REVIEW
The effects of various atmospheres, such as oxygen, carbon dioxide, nitrogen, and a partial vacuum on the viability of stored seeds have received only limited attention, while the effects of seed moisture content and storage temperature have been studied extensively.
Only a few of the more salient papers are reviewed here; see James (7) for a comprehensive review of the 20th century English language literature on seed storage. Ghing et al. (3) reported that crimson clover seeds containing 6% moisture remained highly viable during 3 years of storage at temperatures as high as 100.4° F., but seeds with high moisture content deteriorated rapidly except at 37.4° F. Crimson clover seeds respired less than perennial ryegrass seeds held in sealed storage (2). Respiration was accelerated more by an increase in seed moisture than by an increase in storage temperature. The concentration of CO~ did not seem to affect seed respiration.
Davies (4) reported that both white and red clover seeds were shorter lived when stored under vacuum or in N2 than when stored unsealed.
According to Evans (5) red clover seeds containing 10.32% moisture lost all viability during 23 years when stored untreated or sealed in CO.-at laboratory temperature. When CaCh or CaCla plus CO= were used in the storage containers the seeds lost only one-third of their viability during 23 years.
According to Goodsell et al. (6) cold test germinations for corn were, in general, no higher for CO~-or N~-stored seeds than for air-stored seeds except that 12% moisture seeds at 60° F. in air germinated relatively less than comparable seeds stored in CO2 and N~.
Struve~ reported that O= may become an important factor in the deterioration of corn seeds stored sealed in air at temperatures as low as 95° F. in less than 10 months. The O~ effect was magnified by increased O.~ concentration, higher temperature, or longer storage. Seeds stored in pure N.-maintained better viability and vigor longer than seeds stored in O.~. Sayre (8) detected no advantage in storing corn seeds in gases other than air.
MATERIALS AND METHODS
Seeds for this study consisted of one lot each of 1958 crop Georgia-grown 'Dixie' crimson clover and 1959 crop Texas-grown 'RS 610' hybrid sorghum.
One-third of each kind of seed was adjusted to 3 different moisture contents with crimson clover having 4.6, 6.2, and 11.1% moisture and sorghum having 4.8, 7.0, and 10.0% moisture on the wet-weight basis. For convenience and brevity these percentages will be referred to throughout as 4, 7, and 10%. 2222. 1959.) then packaged in hermetically sealed metal cans with atmospheres of air, partial vacuum (Vac), CO=, N=, helium (He), or argon (A), and were stored at 10, 30, 50, 70, or ° F.(Because of circumstances beyond control, the seeds intended for 10° F. storage had to be held at 30° F. during the first 131/2 months of this study.) Check (Ch) samples from each seed moisture level each kind of seed were stored at each temperature in paper envelopes. The relative humidity percentages in the various storage chambers were approximately 70 at 10° F., 40 at 30° F., 60 at 50° F., 30 at 70° F., and 15 at 90° F.
The cans of seeds were sealed with a commercial sealer. The atmospheres other than air were introduced into the cans by use of a special device for vacuum and inert-gas sealing of metal cans developed at the National Seed Storage Laboratory. Detailed directions for construction and operation of this device were published by Bass and James (1).
One can from each temperature, moisture, and atmosphere and 1 check envelope from each moisture and temperature were removed from storage after 1 year and another after 2 years and the seeds were tested for viability.
Viability tests were made in electronically controlled watercurtain germinators. Each test consisted of two 100-seed replicates planted in folded blue-gray seed germination blotters of appropriate size. =Crimson clover seeds were tested at 68° F. for 7 days and sorghum seeds at a 68 to 86° F. night-to-day alternation for 10 days.
The 4% moisture crimson clover seeds germinated 81%, and the 7 and 10% moisture seeds germinated 91% when packaged. The sorghum seeds with 4% moisture germinated 92%, the 7% .ones germinated 94%, and those with 10% moisture germinated 91% when packaged. Only normal seedlings, those potentially capable of producing plants in the field, were included in the germination percentages.
RESULTS
The viability data obtained from germination tests 1 and 2 years after storage were statistically analyzed. Least significant differences (LSD) for the interaction means at the 5% level of significance (P=.05) are included in the tables. The test results for crimson clover and sorghum seeds are discussed separately, but the data for both are included in the same tables.
Crimson Clover
The results of the analysis of variance show that the mean squares for years (Y), seed moistures (M), storage temperatures (T) were highly significant. The mean squares for atmospheres (A), atmospheres within cans, and for cans vs. check envelopes were not significant. The variances due to 3 interactions (YXA, YxMxA, and YxTxA) were not significant, but those for the other 7 interactions were highly significant.
The differences between the germination percentages for the first and the second year were significant for crimson clover seeds stored in all atmospheres in sealed metal cans and also for the check samples in paper envelopes.
The first year the differences in germination between atmospheres for crimson clover seeds stored in air vs. A, CO z vs. Nz, He vs. A, and N~. vs. A were significant. The second year only the difference in germination between the seeds sealed in air and those in the paper envelopes was significant.
The germination percentage of the crimson clover seeds declined an average of 4.6% during the first year and an additional 6.7% during the second year of storage.
When the appropriate LSD value was applied (Table I)  the differences among atmospheres and among temperatures   425 Published September, 1963 
